Autoclave sterilization produces acrylamide in rodent diets: implications for toxicity testing.
Acrylamide (AA) is a neurotoxic and carcinogenic contaminant that is formed during the cooking of starchy foods. Assessment of human risks from toxicants is routinely performed using laboratory rodents, and such testing requires careful control of unintended exposures, particularly through the diet. This study describes an analytical method based on liquid chromatography with electrospray tandem mass spectrometry that was used to measure endogenous AA in rodent diets and to survey a number of commercial products for contamination. Method sensitivity permitted accurate quantification of endogenous levels of AA in raw diets below 20 ppb. Autoclaving a standard rodent diet (NIH-31) increased the AA content 14-fold, from 17 to 240 ppb. A nutritionally equivalent diet that was sterilized by irradiation was found to contain approximately 10 ppb of AA (NIH-31IR). A toxicokinetic study of AA and its epoxide metabolite, glycidamide, was performed by switching mice from NIH-31IR to the autoclaved diet for a 30 min feeding period (average AA dose administered was 4.5 microg/kg of body weight). The concentrations of AA and glycidamide were measured in serum collected at various times. The elimination half-lives and the areas under the respective concentration-time curves were similar for AA and glycidamide. Mice maintained on autoclaved NIH-31 diet, but otherwise untreated, showed elevated steady state levels of a glycidamide-derived DNA adduct in liver relative to mice maintained on the irradiated diet. This study demonstrates that a heat sterilization procedure used in laboratory animal husbandry (i.e., autoclaving) can lead to the formation of significant levels of AA in basal diets used for toxicity testing. AA in rodent diets is bioavailable, is distributed to tissues, and is metabolically activated to a genotoxic metabolite, which produces quantifiable cumulative DNA damage. Although the contribution of endogenous AA to the incidence of tumors in multiple organs of rodents otherwise untreated in chronic carcinogenicity bioassays (i.e., control groups) is not known, the reduction of endogenous AA through the use of a suitable irradiated diet was deemed to be critical for ongoing studies of AA carcinogenicity and neurotoxicity.